Abstract Purpose: To review the different vascular repair options of superior mesenteric vein (SMV) damage during oncologic right colectomy. Methods: This is a retrospective chart review of 5 cases in which severe damage to the SMV occurred during oncological right colectomy in an academic medical center. Results: During a 10-year study period, we encountered 5 cases in which severe damage to the SMV and its tributaries occurred. Two of the patients underwent primary venous repair for partial lacerations. The other 3 underwent interposition graft repair using a great saphenous vein (GSV) graft. Two of the grafts remained patent, while the third required replacement with a bovine pericardial patch. Conclusions: The SMV injury during oncologic right colectomy is a technically challenging injury. Based on our own experience and review of the literature, we formulated the following set of recommendations: (1) Venous ligation should be avoided, and revascularization should be attempted whenever feasible. (2) Primary venorrhaphy in cases of partial lacerations is the preferred treatment option. (3) End-to-end anastomosis is an efficient but seldom available repair option in the setting of complete SMV transection without segmental loss. (4) Autologous vein graft using the GSV is the preferred mode of repair during SMV injury with tissue loss. (5) Use of polytetrafluoroethylene (PTFE) graft should be avoided if possible due to greater risk of graft contamination. (6) A low threshold for reexploration depending on laboratory and imaging findings is advisable.
Introduction
High vascular ligation (HVL) during oncologic open or laparoscopic right colectomy may be associated with a rare although underreported, potentially devastating complication of injury to the superior mesenteric vein (SMV). 1, 2 Several mechanisms of injury were described, and different methods were proposed for avoiding such injury. We wish to present our experience with the management of this life-threatening complication while reviewing the relevant literature.
Materials and Methods
We performed a retrospective chart review of patients who underwent laparoscopic and open right colectomies for colonic malignancy at our institution from June 2006 to May 2016. We encountered 5 cases (1.6%, median age 65) in which severe damage to the SMV occurred and who underwent immediate or late vascular repair. Based on this experience and few other reports, we formulated a set of recommendations for managing such a technically challenging and complicated injury.
Results
During a 10-year study period, a total of 304 right colectomies for malignancy were performed implementing the technique of complete mesocolic excision (CME) and HVL. A total of 159 operations were done in an open manner and 145 laparoscopically. Of the 5 patients in whom intraoperative injury to the SMV had occurred, 2 underwent primary venorrhaphy for a partial laceration, and in 3 patients, we used a great saphenous vein (GSV) interposition graft (1 of these grafts was prone to kinking and was replaced with a bovine graft while the others remained fully patent and functional). Four of the 5 patients underwent a second-look operation within the 24 hours of the initial operation. The details of the patients, the mechanism of injury, and the type of repair are presented in the following text and are summarized in Table 1 .
Case Descriptions Patient 1
A 55-year-old male patient underwent extended right colectomy for a large cecal mass. During mobilization of the hepatic flexure, a venous bleeding became apparent. The bleeding was first thought to originate from the mid-colic vein (MCV) but was later identified to originate from the SMV trunk. Attempt of bleeding control with sutures seemed successful at the time. However, few hours later, the patient was reoperated due to hemodynamic instability. During reoperation, the small bowel was found to be edematous, and the SMV was found to be ligated 2 cm proximal to the confluence with splenic vein. The ligated SMV was reconstructed with a reversed GSV graft. Following reconstruction, the bowel regained normal color and flow. A second-look operation revealed a patent graft with normal looking bowel.
Patient 2
A 74-year-old patient underwent laparoscopic right colectomy for adenocarcinoma of the hepatic flexure. During extraction of the specimen through a minilaparotomy incision, severe bleeding was noted requiring the application of hemostatic sutures. Following cessation of bleeding, the bowel was noted to be edematous, and the mesocolon was suffused with blood. Exploration of the root of the mesentery revealed the ligated trunk of the SMV at the area of insertion of the MCV. Venous reconstruction was undertaken using GSV graft. Second-look operation revealed a patent graft and viable small bowel.
Patient 3
A 71-year-old male patient with large bowel obstruction was admitted for right colectomy due to obstructing carcinoma of the hepatic flexure. During open right colectomy, a branch of the right colic vein was damaged resulting in copious bleeding. Attempt of hemostasis resulted in inadvertent ligation of the SMV which was diagnosed during relaparotomy after the ilesotomy became ischemic. Reconstruction of the SMV using a GSV graft was performed. On second look, the venous graft looked to be kinked and thrombosed and underwent shortening and reanastomosis only to be later the replaced with a tube graft sutured from bovine pericard patch. Although this reconstruction remained patent, the patient eventually succumbed to postoperative sepsis.
Patient 4
A 59-year-old male patient underwent laparoscopic right colectomy for a large high-grade tubuolovillous adenoma. During surgery, a major bleeding occurred originating from a torn SMV and its pancreatic tributaries. The operation was converted to open, and a primary venorrhaphy of the SMV was performed. Postoperative duplex revealed free venous flow, and the patient recovered with no further complications.
Patient 5
A 65-year-old male patient underwent right colectomy due to carcinoma of the hepatic flexure. The carcinoma was found to be adherent to the duodenum, and dissection of the colon resulted in copious venous bleeding originating from what appeared to be the MCV. Hemostasis was achieved by sutures. The patient was later reoperated due to the development of abdominal compartment syndrome. On reoperation, the SMV was found to be partially lacerated and thrombosed just distal to the MCV insertion. Primary venorrhaphy and removal of the thrombus was successfully accomplished, and normal flow was registered by intraoperative Doppler. Second-look operation revealed normal looking bowel; however, anastomotic bowel leak developed on postoperative day (POD) 10 requiring relaparotomy and temporary diversion by ileostomy. 
Discussion
Superior mesenteric vein injury during right colectomy is a rare, underreported, and potentially devastating vascular injury with catastrophic implications. 1, 2 The most common location of this injury was at or distal to the MCV insertion. From our experience, potential risk factors that may be associated with this type of injury are location of the tumor at the transverse colon, a relative short and thick mesentery in overweight patients undergoing high ligation, excessive traction of the mesocolon, and an attempt to exteriorize the colon through a too small abdominal incision. 1 Due to its unique anatomy, thin wall, relation to the pancreas, and rich tributaries, SMV repair poses significant technical challenges such as exposure, injury site localization, bleeding control, and copious blood loss. 3 Furthermore, due to its rarity, colorectal, vascular, and trauma surgeons cannot gain significant experience with its management. Such injuries are infrequently reported in the colorectal literature, and most of the data regarding its management originates from the trauma literature. 4 Vascular surgeons, who are occasionally called during surgery to repair such injuries sustained during an elective colectomy, are faced with the options of ligation, primary venorrhaphy, end-to-end anastomosis, or interposition graft. Due to the paucity of these injuries, little data exist regarding the optimal type of repair, and it is usually the decision of the treating surgeon based on the type and extent of injury and his own experience. We herein review the options for SMV injury management.
Exposure of the Injury Site
The exposure of the SMV to control the injury was gained by careful dissection between the mesentery of the transverse colon and the lower border of the pancreas, while pin-point pressure was applied manually or by a sponge stick to control bleeding and allow for a relatively dry field. In 2 cases, the dissection of the SMV proximal to the tear was carried out under the pancreatic neck with division of its jejunal branches to allow for proximal control. While elevating the pancreas off the SMV, an effort was always made not to divide the inferior mesenteric vein (IMV) in order to maintain mesenteric venous drainage via mesenteric vein anastomoses in case SMV thrombosis develops following the repair. Complete division of the pancreatic neck for better exposure of the SMV and portal vein confluence as described in trauma setting was not necessary in any of our cases. Once the tear is exposed, either side-bite clamping is used for primary repair or if needed, complete vascular isolation with proximal and distal clamping is applied to allow for an interposition graft repair. Also, depending on the stage of operation, it may be necessary to completely divide the MCV while controlling the SMV tear unless it was already divided. Exposure of the SMV distally in the mesentery of the jejunum at the inferior aspect of the mesocolon may also be required, with exposure of the first 2 or 3 large tributaries.
Ligation
Ligation of the SMV is well described in the trauma literature and is considered a valid option in the setting of polytrauma and hemodynamic instability as an immediate remedy for severe bleeding. 5 Asensio et al reviewed the outcomes of 51 patients with trauma admitted with SMV injury mostly due to penetrating trauma. 6 In this study, only a subset of 19 (37%) patients had isolated SMV injuries, while the rest had 1 or more associated vascular injuries, the Superior Mesenteric Artery (SMA) being the most common. The survival rate of patients with isolated SMV injuries was 55% with most of the mortality being related to intraoperative exsanguination. The study compared primary repair versus ligation in a trauma setting where massive bleeding occurred and showed that patients undergoing primary venorrhaphy had a higher survival rate than those undergoing ligation. This study concluded that ligation should only be undertaken for hemodynamically unstable patients with several associated vascular or other lifethreatening injuries. Primary venous repair should be reserved for hemodynamically stable patients with no additional injuries. Ligation of the SMV may be a valid option in the acute trauma setting, as the bowel may recuperate from this insult if the IMV is patent and collateral venous circulation develops. However, in our series, none of the patients underwent elective ligation, as it was rather the mechanism of injury when during an attempt to stop bleeding inadvertent ligation of the SMV occurred and resulted in vascular compromise of the bowel. Ligation of the SMV will usually lead to impairment of venous return, herby causing bowel edema, acute ascites, and the subsequent formation of abdominal compartment syndrome. Ligation may also lead to a drop in systemic arterial pressure and to the rapid formation of mesenteric venous hypertension, ultimately leading to venous thrombosis, bowel ischemia, and necrosis. 7, 8 Although some reports from trauma literature have found no difference in mortality whether ligation or venorrhaphy was utilized, 4 we strongly advocate revascularization in the setting of right colectomy in order to prevent bowel ischemia and its sequela. For these reasons, we also advocate against the option of deferred reconstruction at the time of second-look operation and believe that every effort should be made for revascularization as soon as possible in order to minimize the insult to the bowel. Delaying reconstruction may carry catastrophic implications as systemic hypovolemia, splanchnic hypervolemia and metabolic acidosis quickly develop. Furthermore, leaving the SMV ligated will cause the bowel and its mesentery to become highly edematous which may hinder future attempts at reconstruction and may also lead to the development of abdominal compartment syndrome.
Primary Venorrhaphy
If possible, primary venorrhaphy in cases of partial lacerations is the preferred treatment option. Small lacerations of the SMV may be immediately sutured after adequate exposure, and proximal and distal control is accomplished. Larger lacerations may be initially approximated by applying anchoring sutures at the corners of the laceration in order to allow for cephalad traction and approximation of both ends to enable subsequent placement of tension-free sutures. It is crucial to avoid narrowing of the SMV at the site of repair, and if this is encountered, a patch or interposition graft should be used. For proximal and distal control, Vesseloop encircling with gentle traction is preferable to vascular clamps due to the fine nature of the SMV and its main tributaries. 9 As the main SMV trunk is usually short, its dissection off the pancreas is often required.
End-to-End Anastomosis
End-to-end anastomosis is an efficient but seldom available repair option in the setting of complete SMV transection during right colectomy. This is due to the fact that the operating surgeon will usually find both proximal and distal ends mutilated and in need of debridement before an end-to-end anastomosis can be safely accomplished. Whether it is due to previous repeated attempts of hemostasis or whether it is due to avulsion injury caused by excessive traction, both ends will usually require trimming which may lead to tension on the end-toend anastomosis if such repair is pursued. Therefore, such repair may be used only in the rare event of clean-cut transection, without segmental loss or thermal injury. Splenic vein ligation in order to achieve mobility and length is not recommended, as it is associated with postoperative left-sided portal hypertension. 10 
Interposition Graft Repair
When complete transection of the SMV with segmental loss occurs and a tension-free end-to-end anastomosis repair is impossible, interposition graft is used. Whether or not a synthetic polytetrafluoroethylene (PTFE) graft should be used for repair in a contaminated operative field remains questionable. The PTFE is a readily available alternative with accepted patency rates and not prone to kinking. It also allows for a swift repair without the need for harvesting. However, it is more prone to infection in the presence of active contamination.
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For this reason, we advocate against placing a synthetic graft during right colectomy, as the chances of graft contamination in the presence of a compromised bowel is higher. Autologous vein has a better patency rate and can easily sustain the low pressure and high flow of the SMV. It is also more resistant to infection but entails harvesting which usually requires redraping and may be time-consuming. We wish to emphasize the importance of avoiding a graft which is too long, as it may be prone to kinking. It should also be kept in mind that 1 or both GSV may be absent, damaged, or inaccessible. 12 In our experience, potential size and length mismatch between the GSV graft and the SMV may be resolved by creating a compilation vein graft using the GSV to achieve a compatible diameter. 13 In those cases where the GSV is not available, use of the basilic vein as a conduit may be considered, as it often has a sizable diameter close to the axilla. However, its use is limited, as it requires additional preparation and draping which may be timeconsuming and because the upper extremities are often used by the anesthesiology team for insertion of different lines. In a contaminated field, when autologous graft is not available, cryopreserved vessel may be considered. We have no experience with such a conduit, but successful use of it has been described in the literature. 14 Whether vein graft or synthetic graft has been inserted, we recommend at least 3 months of antiplatelet therapy on top of perioperative treatment with a prophylactic regimen of low-molecular-weight heparin (LMWH).
In Summary
As the importance of radical oncological resections for colon cancer is increasingly recognized and extensive lymphadenectomy, CME, and HVL techniques are commonly employed, iatrogenic SMV injury may be encountered. We find that preoperative knowledge and understanding of anatomical vascular variations along with careful exposure of vascular anatomy can aid in the prevention of SMV injury during right colectomy. Early involvement of an experienced vascular surgeon, adequate anticoagulation, and a low threshold for reexploration and eventual resection of questionable or compromised bowel may result in a more favorable outcome.
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